Carbohydrate metabolism has been extensively studied in micro-organisms, animals and plants. The major metabolic routes are well established and many of the enzymes have been extensively purified and studied in vitro. Experiments with whole animals, perfused organs and isolated cells have established an overall picture of the regulation of carbohydrate metabolism, and the study of enzymes in vitro has provided further information on the fine controls that are available to the cell. However, it is still not clear how the regulatory properties of enzymes studied in vitro correlates with the controls observed in animal cells in vivo.
an added carbon source contains less than 10pwglucose and is unable to support the growth of single-cell clones. CHO-K1 cells grow on a number of hexoses, but are unable to grow on pentoses, C3 compounds such as pyruvate, or intermediates of the tricarboxylic acid cycle ( Table 1) . Growth on disaccharides is also limited, and with maltose it was discovered that growth was permitted only because of the presence of an active maltase in the serum. These results are similar to those reported by Eagle et ul. (1958) for HeLa cells. They also reported that HeLa cells would grow on ribose in the presence, but not in the absence, of added pyruvate; we have been unable to confirm this for CHO-K1 cells.
Auxotrophic mutants of CHO-Kl cells have been obtained after treatment with various mutagenic agents and negative selection with 5'-bromodeoxyuridinecontaining medium (Puck & Kao, 1967) . It has been reported that the bromodeoxyuridine technique requires modification outside of the United States of America (Thirion etul., 1976). We have subjected CHO-Kl cells to mutagenesis with ethyl methanesulphonate and N-methyl-N'-nitro-N-nitrosoguanidine and have applied the bromodeoxyuridine selection technique to isolate successfully glycine-and thymidine-requiring auxotrophs. These mutants will be used to facilitate genetic studies of our carbohydrate mutants.
After mutagenesis with N-methyl-N-nitro-N-nitrosoguanidine, various numbers of cells were plated in media containing different carbohydrate sources unable to support the growth of wild-type cells in an attempt to isolate cells that could now utilize such a carbohydrate. After several weeks incubation, small colonies were seen in plates containing lactose, sucrose and ribose, but none in plates containing lactate, pyruvate, citrate, succinate, fumarate or malate. A selection of the colonies were picked to grow up for further studies, but so far only the colonies growing in ribose medium have been successfully transferred. These clones have been purified by recloning and their growth VOl. 4 
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In aqueous solution, metabolic intermediates frequently exist as equilibrium mixtures of various configurations. In glycolysis the cyclic configuration of aldo-and keto-hexoses and their derivatives equilibrate via their open-chain configurations. Because of the stereospecificity of glycolytic enzymes only a fraction of possible configurations will directly be. accepted for enzyme catalysis. Further, enzymic equilibration of various configurations exists. Hexokinase phosphorylates both anomeric configurations of glucose. Phosphoglucomutase reacts with the a-anomer and glucose 6-phosphate dehydrogenase with the 8-anomer of their substrates. In yeast, glucose 6-phosphate 1 *pimerase equilibrates the anomeric configurations of glucose 6-phosphate. Glucose phosphate isomerase has the unique property of simultaneous isomerization and anomerization of the various configurations of glucose 6-phosphate and fructose 6-phosphate. The further pathway is compartmentalized as follows. The 8-anomer of fructose 6-phosphate reacts with phosphofructokinase, and the 8-anomer of fructose 1,6-bisphosphate takes part in the reactions of phosphofructokinase, fructose bisphosphate aldolase and allosteric pyruvate kinase; however, in gluconeogenesis the a-anomer of fructose 1,6-bisphosphate is the preferred substrate of fructose bisphosphatase.
The /I-anomeric specificity of glycolysis seems to reflect an optimal fit. During transient states it should minimize the flux of intermediates into other pathways. Aho, the coupling of several reactions via a stereospecific form of a substrate should occur if the enzymes are organized in a multienzyme complex in which the product of one reaction is directly transferred to the next enzyme in the chain. However, at the present time direct evidence for a multienzyme complex structure of glycolysis is not available. The configurational inhomogeneity of metabolic intermediates, commonly lumped together, should also be considered for the case of dynamics of recycling. The rate of the cycle of phosphofructokinase and fructose biphosphatase might well be limited by the non-enzymic conversion of the 8-anomer of fructose 1,6-bisphosphate into its a-anomer with a first-order velocity constant of approx. 0 . 2 s ' at 2 5 T , pH7.6, if no anomerase for this reaction exists. So far no enzyme has been found for this reaction, at least in muscle.
For references see Wurster & Hess (1973a,b,c, 1974a,b) , Chance ef al. (1975) and Wurster et al. (1976) .
